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Changes in Postocclusive Reactive Hyperaemic Values as 
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Reconstructions 
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Objectives: The aim of the present study was to evaluate microcirculatory changes of the postocclusive reactive hyperaemia 
test measured with Laser Doppler fluxmetry to detect results of arterial reconstructions. 
Design: Prospective open study. 
Setting: Vascular laboratory of a University Hospital. 
Materials: Sixty patients with peripheral rterial occlusive disease who underwent infrainguinal reconstruction were 
examined the day before and 1-2 days after surgery. 
Chief outcome measures" The values were obtained uring postocclusive reactive hyperaemia induced by release of a 3 
min arterial occlusion with a cuff at ankle level with the laser Doppler probe placed orsally on the flrst toe. The alterations 
after surgery in these hyperaemia p rameters were compared tochanges in ankle/brachial ndex and clinical improvement 
at 30 days postoperatively. 
Main results: Patients improved by surgery according to ankle/brachial ndex had significantly reduced time to peak 
(p < 0.001) and significantly increased resting flux value (p < 0.05) and peak flux value (p < 0.05). There was a significant 
correlation between the change after surgery in time to peak flux and increment of ankle/brachial index 
(r = 0.63, p < 0.001). 
Conclusions: Changes in reactive hyperaemia v lues as measured with laser Doppler fluxmetry, expeciaUy the time to peak 
flux, seem to detect circulatory changes caused by arterial reconstructions. 
Key Words: Laser Doppler fluxmetry; Reactive hyperaemia; Vascular surgery. 
Introduction 
While Duplex scanning is the method of choice for 
evaluation of graft patency postoperative evaluation 
of vascular econstructions is often based on clinical 
examination and measurement of ankle pressures. 
Since the normal day-to-day variation in ankle/ 
brachial index (ABI) does not exceed 0.15, increments 
exceeding that limit have been postulated as an 
objective way to assess a haemodynamically success- 
ful revascularisation. 1-3 ABI determinations have 
some limitations ince they only reflect arterial occlu- 
sions proximal to the measuring cuff and the signal 
can be absent or difficult to evaluate due to disease 
affecting these vessels. 1 Distal disease, as well as local 
changes of the skin microcirculation could affect 
clinical outcome, particularly in patients with critical 
ischaemia. 
Please address all correspondence to: Eric Wahlberg, Department of 
Surger~ Karolinska Hospital, S-171 76 Stockholm, Sweden. 
The introduction of laser Doppler fluxmetry 
(LDF) has made it possible to continuously measure 
the microcirculation of the skin. 4"5 Several LDF 
parameters during postocclusive r active hyperaemia 
are highly reproducible and discriminate between 
patients with peripheral arterial occlusive disease 
(PAOD) and healthy subjects. 6"7 Distal measurement 
of reactive hyperaemic parameters of the skin micro- 
circulation might usefully complement ABI when 
evaluating PAOD patients after surgery. The purpose 
of the present study was to evaluate whether LDF 
during reactive hyperaemia could detect circulatory 
changes after arterial reconstructions in PAOD 
patients. 
Patients 
A prospective study was performed in 60 consecutive 
patients admitted between 1991-1992 for infraingui- 
nal reconstruction. Eight patients were excluded 
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Table 1. Demographic data and clinical characteristics of patients investigated in the study subdivided according to ABI increment and 
outcome 
Total Group I Group 1I 
(52) 
ABI increment a b ABI increment a b 
0.15 Clinically Not < 0.15 Clinically Not 
improved improved improved improved 
(32) (28) (4) (20) (12) (8) 
Age (year) mean 
range 
Sex 
male 
female 
Diabetes 
Smoking (> 20 pack years) 
70.4 
46~9 
70.4 70.1 74.0 70.4 70.4 70.5 
46-89 45-89 68-78 54-85 54-83 55-85 
33 19 16 3 14 9 5 
19 13 12 1 6 3 3 
17 12 10 2 5 2 3 
31 18 14 4 13 8 15 
Indication 
Claudication 16 11 10 1 5 5 - 
Rest pain 17 8 7 1 9 5 4 
Gangrene 19 13 11 2 6 2 4 
Type of operation 
Femoropopliteal 
Above the knee 
Below the knee 
Femorodistal 
10 8 7 1 2 2 1 
23 16 14 2 7 4 3 
19 8 7 1 11 6 5 
1.89 
0-3 
Angiographically 
patent calf vessels 1.95 2.12 1.73 1.70 1.50 1.86 
0-3 0-3 0-3 0-3 1-3 0-3 
because no reactive hyperaemia response was detect- 
able before the arterial reconstruction. All patients 
underwent biplanar digital subtraction angiography 
before admission. The patient characteristics are 
shown in Table 1. 
Methods 
A laser Doppler f luxmeter (Pfla or Pfld, Perimed®, 
Sweden) was used with a standard probe attached at 
the base of the first toe. The fluxmeter was calibrated 
against a white surface and set at a frequency limit of 
4 kHz, and a time constant of 1.5 s. A gain of 10 was 
used and full scale deflection was 10 V and defined as 
10 perfusion units (PU). 
The reactive hyperaemia test consisted of rapid 
inflation of a 12 cm cuff at ankle level to 250 mmHg.  
Skin perfusion was continuously measured before and 
during a 3 min arterial occlusion and for 5 min after 
cuff release. After inflation of the cuff the flux signal 
rapidly decreased to a stable value, always less than 
50% of the initial resting value. This signal was 
defined as biological zero. Brachial and ankle pres- 
sures were measured at the same time using con-  
t inuous-wave Doppler and the highest value in any 
ankle artery was used for comparison. The reactive 
hyperaemic urves were recorded (Servogor®, Aus- 
tria) and analysed later by scanning the curves to a 
personal computer. The LDF parameters were meas- 
ured using software (MacDraw-Pro®, Claris Corp, 
U.S.A.) able to choose areas and measure distances. 
The parameters tudied were resting flux (rf), bio- 
logical zero (bz), time to peak flux (tp) and peak flux 
(pf), (Fig. 1). In order not to interfere with the vein 
grafts only vascular occlusion at the ankle level was 
performed. The flux reappearance time (frt) was not 
evaluated because it is known to be of l imited value 
when using ankle occlusion. 7 Since it is possible that 
the non-flow-related biological zero could influence 
the other parameters, this was subtracted from rf and 
pf.S The change in the parameters induced by the 
vascular econstruction was calculated by subtracting 
preoperative from postoperative values (Aft, Abz, Atp 
and Apf). 
Study design 
The test procedure was performed on the day before 
surgery and repeated with the same equipment on the 
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Fig. 1. Reactive hyperaemia curves from a patient with a preoperative ABI of 0.15 b fore (A) and after (B) infrainguinal reconstruction. 
first or second postoperative day. If tp and pf values 
were within 5% of the preoperative values at that time, 
a third test was performed 5 days postoperatively and 
these values were used for the calculations. All the 
patients were followed up by clinical examinations 
and ABI measurement 30 days after surgery. In order 
to test the ability of laser Doppler reactive hyperaemic 
parameters to detect macrocirculatory changes, the 
patients were divided into two groups by ABI incre- 
ment: Group I where ABI had increased by 0.15 or 
more after revascularisation; or Group II if the ABI 
increment was less than 0.15. To evaluate if alterations 
in the reactive hyperaemic values due to surgery were 
related to symptomatic improvement, these two 
groups were further subdivided according to clinical 
outcome defined as either clinically improved (a), when 
patients experienced relief of claudication and/or  rest 
pain, or any sign of healing in an ulceration; or not 
clinically improved (b). 
Statistics 
The Mann-Whitney test for non-paired observations 
was used for comparisons between the groups. For 
correlations the Spearman rank test was used. A 
confidence level of less than 5% was considered 
significant. 
Results 
In patients with improved macrocirculation according 
to ABI (group I), circulatory changes due to the 
reconstruction were detected by all reactive hyper- 
aemic parameters except bz. There was a significant 
increase after surgery in rf (p < 0.05) and pf (p < 0.05) 
values, but with a considerable overlap. A significant 
(p< 0.001) decrease in tp was also found. None of 
these parameters was significantly changed in Group 
II after the reconstruction (Fig. 2). 
The parameters did not seem to measure blood 
flow disturbances in the same vascular segment as 
ABI since no correlation was found between the 
parameters and ABI values measured before surgery 
(rf; r = 0.16, p = 0.77, bz; r = -0.04, p = 0.61, tp; r = -0.21, 
p=0.19 and pf; r=0.30, p=0.12). Postoperatively, 
similar correlation coefficients were registered. How- 
ever there was a correlation between ABI and tp 
(r = -0.51, p < 0.01) postoperatively. When comparing 
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Fig. 2. Distribution of four different postocclusive r active hyperaemic values, ankle pressure and ABI, before (clear) and after (hatched), 
infrainguinal reconstructions. Divided according to postoperative ABI; Group I (ABI increment a 0.15), II (ABI increment < 0.15). Statistical 
evaluation by Mann-Whitney test. 
the change in these values caused (Arf, Abz, Apf and 
Atp) to ABI increment, only Atp significantly corre- 
lated (r =-0•63, p< 0.001) (Fig. 3). 
The majority of the patients (28) in Group I 
improved clinically (Group Ia), but despite an ABI 
increase >0.15, four did not (Group Ib). Twelve 
patients had no ABI increment but were still relieved 
of their symptoms (Group IIa) while eight had no 
improvement clinically or in ABI (Group IIb) (Fig. 3). 
The microcirculatory response in these patients was 
analysed separately• There was a significant (p < 0.001) 
difference in Atp between group Ia and Ib as well as 
between group IIa and IIb, while the other A-parame- 
ters were similar in the subgroups. 
Discussion 
The lack of agreement in the choice of method for 
assessing outcome of vascular reconstructions 9-17 
implies that patency rates vary according to the 
definition associated with the chosen method, which 
makes results from different studies difficult to com- 
pare. In our study an ABI increment more than or 
equal to 0.15 was chosen according to consensus 
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Table 2. Change in postocclusive r active hyperemic values after surgery divided according to ABI increment and clinical improvement 
at 30 days after surgery 
IMPROVED NOTIMPROVED IMPROVED NOTIMPROVED 
0.48 
-2.1 to 2.8 
0.32 
-0.8 to 2.4 
-0.25 
-1.3 to 2.3 
0.78 
-0.9 to 2.4 
ns  
ns  
A RESTING FLUX (Units) 
Lt) 
¢¢ 
u~ 
0.04 
-1.1 to 1.6 
0.02 
-0.9 to 1.0 
0.15 
-0.7 to 1.3 
0.23 
-0.2 to 0.8 
A BIOLOGICAL ZERO (Units) 
ns  
nS  
IMPROVED NOTIMPROVED IMPROVED NOTIMPROVED 
-66 
-225 to 37 
-23 
-80 to 20 
11 
-40 to 60 
P<0.001 
28 
-25 to 120 
P<0.001 
A TIME TO PEAK FLUX (s) 
1.04 
-4.5 to 6.5 
-0.45 
-6.0 to 1.9 
-0.45 
-1.8 to 0.8 
RS 
0.18 
-4.7 to 2.0 
r l s  
A PEAK FLUX (Units) 
Total n = 52, ABI ~_ 0.15 clinically improved n = 28, not improved n = 4, ABI < 0.15 clinically improved n = 12 and not 
improved n = 8. Values are mean and range, significances according to Mann-Whitney U-test. 
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Fig. 3. Correlations (Spearman rank test) between changes in ABI and the postocclusive r active hyperaemic parameter time to peak 
following infrainguinal reconstruction (  = 52). The symbols are patients improved (o) and not improved (~) by surgery at 30 day follow-up 
according to clinical evaluation. 
Eur J Vasc Endovasc Surg Vol 9, February 1995 
202 E. Wahlberg et al. 
documents, z since several studies have reported an 
individual day to day variation of 0.15.1' 3 Objective 
methods suitable for use in the early postoperative 
period must be non-invasive, simple to perform and 
accurate. ABI is especially limited in diabetics with 
medial calcification, but also because of signal detec- 
tion in diseased arteries. 1 Duplex scanning is probably 
the ideal method to evaluate graft patencN but it is 
time-consuming to use for estimation of clinical 
Success .15 ,  16 It also has limitations in visualisation of 
the most distal parts of infrainguinal vein grafts. LDF 
measurements combined with a reactive hyperaemia 
test have several potential advantages. They are non- 
invasive, simple to perform, objective, easy to repro- 
duce and standardise, making possible comparison of 
values between different hospitals. 6'7,18,19 
Earlier reports on evaluation of outcome with the 
reactive hyperaemia test using LDF were based on a 
limited number of patients. 2°-23 The test can be 
insensitive when toe occlusion is used to produce 
reactive hyperaemia in investigations of patients with 
mild claudication caused by suprainguinal lesions. 21 
Patients with multi-level severe PAOD have been 
found to have a totally inhibited response. 24 For this 
reason, eight patients were excluded from statistical 
evaluation. All had ankle pressures below 25 mmHg 
and four had multi-level disease. This lack of reactive 
hyperaemia response does not influence the clinical 
value of the method, since a patient able to produce a 
response after revascularisation, but not before, can be 
considered as improved even though no numerical 
values can be obtained for comparison. 
The laser Doppler signal is processed from the 
total amount of moving particles and their velocity in 
the area penetrated by the laser light. Since the exact 
measuring depth and signal composition are 
unknown, the spatial and temporal variations of 
repeated measurements are significant due to varia- 
tions in temperature and other factors affecting the 
4 9.5 skin microcirculation.' Accordingly, resting values 
20 23 26 are not useful for evaluation of treatment. ' ' We 
found a significant increase in resting flux values in 
patients improved by surgery. However, there was a 
large overlap between pre- and postoperative values, 
supporting previous experience. The problems with 
low sensitivity and high variability of the resting 
values can be avoided by using a stress test such as 
reactive hyperaemia. The factors contributing to the 
biological zero, i.e. the flux value obtained in spite of 
complete arterial occlusion, are largely unknown. The 
biological zero is higher in older laser Doppler 
instruments and is not influenced by increased perfu- 
sion but by differences in skin architecture, oedema 
formation and inflammation. 8' 27 Accordingll 6 the bio- 
logical zero value was unaffected by the surgical 
treatment. 
The circulatory mechanisms behind LDF record- 
ings during postocclusive reactive hyperaemia have 
been discussed in earlier reports. 6'7,2o, 28 After cuff 
release, blood cells are transmitted istally through 
major arteries and finally reach the skin and the laser 
Doppler probe. The blood flow and distal blood 
pressure will gradually increase, the speed depending 
on the degree of arterial disease present in the limb. 
The time to peak value is determined mainly by the 
velocity with which blood is able to flow to the distal 
parts of the limb in order to normalise vascular tone 
and wash out metabolites accumulated uring cuff 
inflation.6, 28 AccordinglN it may reflect the perfusion 
pressure and overall blood flow impairment of the 
limb. The time to peak is able to discriminate patients 
from control subjects and in our material its usefulness 
is emphasised by its ability to detect clinically 
improved patients. 6'2°'23'2s The peak flux is also 
influenced by lesions anywhere in the limb and 
probably reflects the amount and velocity of blood 
cells present during maximal reactive hyperaemia. 
The increase in peak flux after surgery in improved 
patients in our study showed the same pattern as the 
resting flux. The large overlap between the peak flux 
values before and after surgery, may be due to 
variations in the blood content present at the time of 
the test, and limits its clinical value. 6' 28, 29 
The hypothesis that micro- and not only macro- 
circulatory disturbances might influence the outcome 
of surgical treatment of PAOD has been studied 
previously with transcutaneous oxygen tension 
(tcPO2) and capillaroscopy. 12"3z In diabetics with 
medial calcific sclerosis, simultaneous high ABI and 
low tcP02 values were found after unsuccessful 
surgery with poor clinical outcome. Besides the 
presence of a microcirculatory disturbance, falsely 
elevated ABI values were suggested as possible 
explanations. 12In PAOD patients without diabetes, 
who were clinically improved after surgery, increase 
in ABI, tcPO2 and capillary blood flow values during 
reactive hyperaemia were reported. 32 This suggested 
an equally improved circulation in both larger arteries 
and skin microcirculation. In our studN as shown in 
Fig. 3, 12 patients were clinically improved despite 
lack of ABI increment. Likewise, four patients had a 
macrocirculation which was improved after surgery 
according to ABI, but no relief of symptoms were 
noted. The microcirculation as evaluated with the LDF 
during reactive hyperaemia detected this discrepancy 
in the A time to peak value (change in time to peak 
due to surgery) which was significantly different 
between the groups with and without clinical 
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improvement, regardless of ABI increment. This sup- 
ports the view that pathology in the microcirculation 
may affect the clinical outcome. Other possible xpla- 
nations are metabolic changes in the tissue or the 
placebo effect of the operation although this is 
unlikely. This discrepancy in the classification of 
patients based on ABI increment should be noted and 
remind us about the need for better definitions of 
outcome after vascular econstructions. As a sugges- 
tion, future classifications should perhaps be based on 
toe pressures. 
In summar)~ our results indicate that LDF record- 
ings during postocclusive r active hyperaemia can be 
used to evaluate infrainguinal reconstructions. Time to 
peak seems to be the most sensitive parameter. 
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